Objective: As stroke mortality rates decline in Japan, a large proportion of disabled stroke survivors living in their homes are supported by informal caregivers or formal healthcare services. To evaluate the impact of healthcare provision on outcome of stroke patients living at home, this study investigated the associations of long-term care and health-related quality of life (HRQOL) in patients 1 year after stroke onset. Methods: Data on patient and caregiver characteristics, HRQOL of patients, and healthcare services for those living at home were prospectively collected from 426 patients with stroke at baseline and 12 months. Using general measures of HRQOL, namely, Short Form-36 (SF-36) and EuroQOL 5 dimension (EQ-5D), multivariate regression models were used to determine the contribution of variables to changes in HRQOL scores from discharge to the first year after stroke. Results: Five domains of SF-36-role-physical, vitality, social functioning, roleemotional, and mental health-were significantly improved 1 year after stroke. Factors affecting changes in the five domains of HRQOL were age, independence in activities of daily living, and cognitive function. Home care service was positively associated with role-physical, social functioning, and role-emotional. In addition, home rehabilitation and home bathing services were positively associated with social functioning. Conclusion: This study clarified that improvements of HRQOL 1 year after stroke were associated with use of home-based services involving home care service, home rehabilitation, and home bathing services. The use of home-based services contributed to the improved welfare of patients living at home.
Introduction
The number of disabled stroke survivors is increasing with the decline in stroke mortality. Stroke decreases health-related quality of life (HRQOL) of survivors. Many factors have been shown to influence the HRQOL of stroke patients, including age [1] - [3] , sex [2] [4]- [6] , motor impairment [5] [7] [8], physical disability or dependency in activities of daily living (ADL) [1] [8] [9] , cognitive impairment [1] [3] , and depression [1] [3] [5] [10] . In addition, a previous study showed that the decline of HRQOL of stroke patients was associated with family care giving due to the increased burden on caregivers [11] .
A large proportion of disabled stroke survivors living at home are supported by informal caregivers or formal healthcare services in Japan [12] . The influence of formal healthcare services on the HRQOL of stroke patients is unknown. In Japan, formal healthcare services are covered by the national long-term care insurance system. However, issues related to the care system are becoming apparent; for example, the advanced age of caregivers, the growing burden on caregivers, and the imbalance between supply and demand of long-term care due to an increasing number of patients requiring home care [13] .
Most studies on long-term outcomes of stroke focused on patient or caregiver characteristics. It is necessary to examine the effect of provision of care services on patient outcomes based on observations of patient changes after using such services. Previous studies showed the relationship between home care and stroke patient outcome, using outcome measures of changes in the level of care needs [14] , functional independence measure (FIM) [9] [15], or ADL [16] . However, no study has examined the relationship between home care services and stroke outcomes using HRQOL. In particular, changes in HRQOL at 1 year after stroke onset have not been clarified in Japan.
The purposes of this study were to evaluate HRQOL associated with provision of healthcare to patients living at home 1 year after stroke and to determine predictors of HRQOL among those patients from discharge to 1 year after stroke.
Methods

Participants and Setting
A total of 541 participants were included in this prospective cohort study. The study included all patients who were admitted to acute hospitals from January 2009 to December 2013 after experiencing a stroke. All patients met the following inclusion criteria: (1) hospitalized with a diagnosis of an ischemic stroke, hemorrhagic stroke, or transient ischemic attack (TIA); (2) started receiving home care after discharge; and (3) certified by the long-term care insurance system of the Ministry of Health, Labour and Welfare in Japan as requiring care support. No exclusion criteria were applied.
This was a survey of patients living at home who were receiving assistance from any of 42 facilities in Hokkaido, Tohoku, or Kanto-Koshinetsu regions in Japan. Facilities included medical clinics, home care nursing stations, in-home care support centers, rehabilitation institutions, and regional medical centers.
Data Collection
Data collected included patient characteristics, caregiver characteristics, HRQOL of patients, and information on provision of home-based healthcare. Data were collected in two phases: in phase 1, data on HRQOL of patients were collected prospectively via a self-administered questionnaire when the patient began receiving home care and at 1 year after stroke. In phase 2, data on patient characteristics, caregiver characteristics, and provision of home-based healthcare were gathered from medical charts and nursing records by medical staff at 1 year after the onset of stroke.
Instruments
Patient characteristics included age, sex, required level of care that was covered by long-term care insurance, independence in ADL, cognitive function, type of stroke (ischemic, hemorrhagic, or TIA), and number of strokes (first or recurrence). The level of care covered by long term-care insurance was classified into six categories according to the support required and the care level needed. Category 1 represented whether or not support was required, such as support for everyday activities like cooking and house cleaning. The remaining 5 categories were based on the care level defined by long-term care insurance: level 1 is a state that requires partial care for some aspects of ADL, level 2 requires a low level of care, level 3 requires a moderate level of care, level 4 requires a high level of care, and level 5 is requires the highest level of care.
Caregiver characteristics included age, sex, relationship to the patient, and support from family other than caregivers.
HRQOL of patients was assessed using the Medical Outcome Study 36-Item Short Form Health Survey (SF-36) and the EuroQol 5 Dimension (EQ-5D), which are general HRQOL scales. The SF-36 is a comprehensive QOL scale used to evaluate subjective outcomes, comprising eight domains, each scored from 0 to 100 points: physical functioning; role-physical; bodily pain; general health; vitality; social functioning; role-emotional; and mental health [17] . A higher score indicates higher QOL. In the present study, the SF-36 Japanese version, which has confirmed validity and reliability [18] , was used to evaluate HRQOL. The EQ-5D was used to evaluate the following five items on a 3-point scale: mobility; self-care; usual activities; pain/discomfort; and anxiety/depression [19] . The utility score conversion table in the Japanese version of the EQ-5D can be used to calculate QOL utility scores [20] . Higher scores indicate better HRQOL.
Provision of home-based healthcare represented the amount of medical care and long-term care covered by insurance. It was divided into two categories: (1) home-based services, in which medical and care workers visited the home, and (2) institutional care services, in which patients traveled to other facilities. Home-based services included five types of services: a doctor's home visit; home health care provided by a visiting nurse; home care services provided by care helpers; home rehabilitation (e.g., physiotherapy done at home), and home bathing service, performed by care helpers or nurses. Institutional care services included outpatient medicine, outpatient rehabilitation, day-care services, short-stay services, and admission to a hospital.
Ethical Approval
This study was approved by the ethics committees of Tohoku University Graduate School of Medicine and Nagoya City University School of Nursing and was conducted in accordance with institutional guidelines. Each participant received oral and written information about the aim of the study, and it was emphasized that participation was voluntary and would not in any way affect their treatment. All participants provided written informed consent.
Statistical Analysis
First, characteristics of patients who completed follow-up were compared with those who dropped out using the chi-square test.
Second, descriptive statistics and the paired t-test were used to compare the eight domains of the SF-36 and the QOL utility scores of the EQ-5D from discharge to those at 1-year follow-up. This study calculated the change in QOL scores, where a positive change in the score indicated improvement and a negative change indicated deterioration. Then, variables that showed a significant difference, with the level of significance set at p < 0.05, in the paired t-test were used as dependent variables and underwent multivariate regression analysis with stepwise selection to determine independent predictors of the change in QOL score. Analyses were performed using SPSS for Windows, Version 20.0J (IBM; Japan), with the level of significance set at p < 0.05.
Results
Of 541 patients and caregivers who were followed, 426 participants with data from onset to 1 year after stroke (follow-up rate, 78.8%) were analyzed. Among the 115 participants who dropped out during the follow-up period, 52 (45.2%) did so because they moved, were transferred, or changed offices; 38 (33.0%) did so for personal reasons; 22 (19.1%) did so for reasons related to the survey administrators; and 3 (2.6%) died. No significant differences were noted between those who completed follow-up and those who dropped out in terms of age, sex, and level of care required.
Participant characteristics are shown in Table 1 . The mean age of patients was 74.5 years, and 211 (49.5%) patients were men. A total of 314 (73.7%) patients experienced their first stroke event. The mean age of caregivers was 66.5 years, 316 (74.2%) caregivers were women, and 218 (51.2%) caregivers were a spouse or partner. Table 2 shows the provision of medical care and long-term care covered by insurance services during the first year after stroke. The change in HRQOL score in the period from discharge to 1 year after stroke is shown in Table 3 . Paired t-test showed that scores for the following SF-36 domains at discharge and after 1 year were significantly different: role-physical (p = 0.02), vitality (p < 0.01), social functioning (p < 0.01), role-emotional (p = 0.01), and mental health (p < 0.01). No significant differences in physical functioning, bodily pain, and general health of the SF-36, and the utility index of EQ-5D were observed. Table 4 shows the factors associated with HRQOL, highlighting significant differences in five domains of the SF-36 as determined by multiple regression analysis. Age, independence in ADL, and cognitive function were associated with the five domains of SF-36. With respect to care services covered by insurance, role-physical was associated with home care services (β = 0.10, p = 0.04) and duration of hospitalization (β = −0.15, p < 0.01). Vitality was associated with day care services (β = 0.12, p = 0.02). Social functioning was associated with home 
Discussion
This study clarified two important points. First, the study examined the HRQOL of patients living at home 1 year after stroke. Second, the study determined independent predictors of changes in HRQOL from discharge to 1 year after stroke. First, the five domains of SF-36 (role-physical, vitality, social functioning, role-emotional, and mental health) were significantly improved 1 year after stroke onset. These domains are known to involve mental function in general [18] . Javier (2000) showed that QOL and depression were improved 1 year after stroke onset [5] . Results in the present study agree with that study and support the idea that improvement in mental function after stroke is expected. Participants in this study maintained good cognitive function, although their mean age was relatively high. This was likely influenced by the fact that this group was limited to patients who could answer questions about HRQOL, so they all had a relatively higher level of cognitive function. Therefore, patients with good cognitive function are likely to experience improvement of the five domains of SF-36 related to mental function within 1 year after stroke.
In contrast, the SF-36 (physical functioning, bodily pain, and general health) and the EQ-5D utility index remained unchanged from discharge to the first year. Physical functioning and bodily pain of SF-36 are related to physical function, as these domains are correlated strongly with FIM [9] . Previous studies on the ADL of patients discharged from the acute care unit and recovery rehabilitation center have shown a decrease in functional independence and activity level in the first year after stroke [21] . Studies have also shown that getting an adequate amount of exercise through activities such as indoor walking can mitigate the decrease in ADL [15] . However, other findings have indicated decreases in physical function after 3 months [4] [22] and have shown that patients have difficulty maintaining physical function for 6 months [23] [24] .
The possible reason for the observed insignificant difference in physical functioning and bodily pain might be that any improvement in these domains would only be seen around the first 3 months after stroke onset. That is, improvement in the physical functions of stroke patients at 3 months or more was not very likely; thus, no difference was seen at 1 year after stroke. An additional reason for no significant difference in general health of SF-36 and utility index of EQ-5D in this study was that these measurements encompass both physical and mental functions [9] .
In this study, independent predictors of the change in HRQOL for the five SF-36 domains of role-physical, vitality, social functioning, role-emotional, and mental health from discharge to 1 year after stroke were age, independence in ADL, and cognitive function. That is, advanced age, dependency in ADL, and worse cognitive function were associated with decreased HRQOL. These results are in agreement with previous studies [5] [6] [8] [23] [25] . The present study found no correlations between the HRQOL of patients and caregiver characteristics, although the survey items in this study were limited. This study also found that medical care and long-term care covered by insurance affected each of the five domains differently. With home-based services, the home care service was positively associated with role-physical, social functioning, and role-emotional, while home rehabilitation and home bathing services were positively associated with social functioning. Home care, home rehabilitation, or home bathing services enable the patient to maintain a certain degree of independence in society, because of help from a third party [14] [26] . In contrast, home health care was negatively associated with role-emotional. It is possible that the use of home health care indicated that symptoms had been aggravated, leading to the use of home healthcare by a visiting nurse rather than home care service by a care helper. Hospitalization was also negatively associated with role-physical, social functioning, and role-emotional. This might be related to the lower HRQOL of patients in a poor state of health who required hospital admission or care from a visiting nurse. In institutional care services, day-care service was positively associated with vitality, social functioning, and mental health. The day service programs provide basic services run by care workers including meals, transportation, bathing, and recreation [13] . It is believed that these activities involving contact with care workers lead to physical activity of patients and contribute to their vitality. On the other hand, short-stay services were negatively associated with social functioning. Users of short-stay services were less independent in ADL or had worse cognitive impairment than non-users [13] . However, this service may reduce the burden of caregivers, helping them continue to provide care [13] . Therefore, similar to hospitalization, more frequent use of this service was associated with lower HRQOL of patients.
The present study has several limitations. First, the results of the present study are based on a survey conducted at 42 facilities that provided home-based services. Some stroke survivors were in a hospital or had been admitted into a nursing home. In addition, there may be stroke patients who do not use the long-term care insurance, resulting in selection bias. Thus, the change in HRQOL from discharge to 1 year after stroke seen in this patient population cannot necessarily be generalized to other stroke patients. Second, the data did not contain any information regarding the disease history of patients (such as fracture, severe osteoporosis, osteoarthrosis, S. Kaneko, M. Kanekawa 1112 depression, advanced cancer, etc.), the socioeconomic situation, or the care burden of caregivers. Those data may affect the results of the assessment. Our analysis did not include data on informal care provided by the patient's family, which may have an effect on the HRQOL of stroke patients. Third, this study lacked a control group.
Conclusion
This study clarified that the five domains of SF-36-namely, role-physical, vitality, social functioning, roleemotional, and mental health-were improved 1 year after stroke onset in patients who were at home. The study also found that factors influencing the change in HRQOL 1 year after stroke were age, independence in ADL, and cognitive function. In regard to home-based services, home care service was positively associated with role-physical, social functioning, and role-emotional, while home rehabilitation and home bathing services were positively associated with social functioning. These findings suggest that the use of home-based services contributes to the improved welfare of stroke patients in society.
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